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Abstract 
Legumes offer a rich source of proteins as well as benefiting the soil fertility by fixing nitrogen. Vicia faba var. 
minor, or tick or faba beans as they are commonly called, are a legume species that have a variety of application in 
animal feeds but are rarely found in food products. Currently, the crop is mainly used for animal feed and as a break 
crop to disrupt disease cycles, typically in small grain cereal monoculture.  The seeds from the crop are harvested dry 
but the crop typically has a relatively low value uses for a nutritionally valuable grain. The objective of this 
investigation was to produce an extruded snack product from faba beans that would be acceptable to consumers. We 
developed an experimental design to optimise the manufacturing conditions of a crisp expanded snack product from 
the finely milled seed. The snacks were manufactured on a small twin screw extruder (Clextral BC21). The physical 
properties of the snacks were altered by varying the screw speed, the particle size of the flour, presence or absence of 
the hull component of the beans and the variety of tick bean. The physical properties of the snacks were analysed 
using a SMS TaXT2+ texture analyser. Sensory analysis was conducted using a taste panel.  The faba bean products 
were compared to commercially available snacks purchased from the supermarket. An extruded faba bean product 
was developed that had similar physical properties and a high level of consumer acceptance compared to the 
commercially available extruded corn snacks. The faba bean snacks contained more than three times the protein and 
four times the fibre of the extruded corn products. This product is considered to have good potential as a snack food 
and may assist with the development of a high value market for this potentially valuable crop. 
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1. Introduction
Faba beans are minor arable pulse crop with historical importance as a food crop for humans and 
animals throughout Europe, Africa and Asia and as with other legume crops were valued for their role in 
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improving soil quality [1]. This is due to their ability to fix atmospheric nitrogen [2]. Faba beans are 
commonly known as tick beans, horse beans, field beans and winter beans and broad bean. Their 
scientific classification is Vicia faba var minor within the leguminosae family of plants. The Vicia faba 
variety is classified into three types major, equine and minor based on seed size [3], the type “minor” is 
also commonly known as the Tick bean for its resemblance to an engorged tick. Faba beans have been 
used in foods for centuries and historically were an important source of protein and remain so in some 
areas of the world including India and North Africa, in particular places such as Egypt [4]. In these 
regions the dry beans are usually soaked to soften them and then either fried with other ingredients or 
ground to a paste. 
Extrusion cooking is a short time, high temperature and high shear process. Typically, dry granulated 
starchy food material are fed into the extruder barrel where they are forced by rotating spiral screws from 
a small orifice. As the product leaves the die, typically at about 120C residual water in the starchy melt 
expands into steam forming a low density, crisp foam. Extrusion is an ideal process that is used to make a 
wide range of snack and breakfast cereal products [5,6]. During the extrusion process a number of 
reactions and structural changes can occur due to both the high shear and temperatures present. Changes 
include Maillard browning, starch, vitamin and pigment degradation as well as protein denaturation and 
texturisation. These reactions are important in development of the structure and functionality of the end 
product.  
There has been a significant amount of work done to try and correlate the sensory characteristics and 
the textural properties of extruded snack products [8] with positive results found when extruded products 
have been compared to results obtained puncture testing [9- 11].  
The purpose of this research was to identify whether an extruded snack product could be produced 
from Tick beans that was comparable with commercial snack products. 
2. Materials & Methods 
2.1 Sample Preparation 
In order to achieve a desirable product, a number of processing variables were manipulated in this 
work including: screw speed, the size of the milled bean particles, the variety of tick bean and the 
presence or absence of the outer bean hull in the flour (Table 1). 
Two varieties of Tick bean were provided by the Foundation for Arable Research for this project, 
Disco and Melodie. These beans differed in hull colour. Disco was a low tannin variety and the hulls were 
brown, Melodie is a low tannin variety and has a pale hull. 
The separation of the hulls from the beans for the dehulled samples was carried out by passing the 
whole beans through a plate mill at a coarse setting. This split the bean causing the hull to dislodge from 
the rest of the bean. The bean fragments were shaken for 5 minutes to crudely separate the hulls from 
endosperm fragments.  An air gun was then used to blow the hulls from the sample. 
Flour was made by milling either whole beans or the endosperm fragments from the dehulling process 
in a high speed impact mill at 9000 rpm fitted with a 1 mm sieve. Sieves and further milling were used to 
make 3 flour types.  Flour type 1 was the flour produced by the high speed mill which consisted of 
particles hp to 2.5 mm in the longest axis.  Finer flours with .a particle size of between 1 and 2 mm which 
was obtained by sifting the previously described product. The finest flour product was obtained by 
milling the beans with a Retsch ZM200 mill fitted with a with a 500 ȝm sieve (Retsch, Haan, Germany). 
2.2 Extrusion 
A Clextral BC21 Twin Screw Extruder (Clextral SAS, Firminy Cedex, France) fitted with a single 
3mm die was used to process the flours. The temperature of the extruder was controlled by seven 
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temperature jackets on the barrel. The temperature was increased along the barrel with the first jacket was 
not used while the remaining were set at 80°C, 80°C, 100°C, 140°C, 140°C & 140°C respectively from 
the ingredient feed section to the die. The screw configuration was: 4 forward coarse pitch, 5 forward 
medium pitch and 5 forward fine pitch. 
Table 1. List of the experimental variables used to vary the textural and sensory properties of the extruded snacks. 
  Treatment 
Sample Variety Mode of flour 
partical size 
Hulls screw speed 
  mm  rpm 
A Disco <0.500  Yes 300 
B Disco 1-2 Yes 300 
C Disco 2.5 Yes 300 
D Melodie 2.5  No 300 
E Melodie 1-2  No 300 
F Melodie <0.500 No 300 
G Melodie 1-2  Yes 300 
H Melodie <0.500 Yes 300 
I Melodie 2.5  Yes 300 
J Disco <0.500 No 300 
K Disco 1-2  No 300 
L Disco 2.5  No 300 
M Disco <0.500 Yes 200 
N Disco 1-2  Yes 200 
O Disco 2.5  Yes 200 
 
 
For each of the experimental runs the feed rate adjusted to maintain a near constant torque (lower – 
upper). The first experiment was to identify the effect of the screw speed on product quality. Three 
particle size fractions including the hull component of the disco variety were used and extruded at screw 
speeds of 200 or 300 rpm. The extruded products were immediately dried in the forced draft oven at 50°C 
for 30 minutes before being sealed in foil bags. The remaining extrusion experiments were carried out at 
the higher screw speed of 300 rpm due to greater expansion observed at 300 rpm during the initial 
experiment. All of the three different sized samples of both the Disco and Melodie varieties as well as the 
two different variations of the presence of the hulls were fed through the extruder.  
2.3 Compositional Analysis 
The proximate composition of the samples was determined in accordance to AOAC methods [6]. The 
nitrogen content of the extruded snacks was determined using the Kjeldahl method and the protein 
content was estimated using a nitrogen-protein conversion factor of 6.25 (method 954.01). The ash 
content was found by incinerating the samples at 550°C (method 923.03). The moisture content was 
determined by drying the sample at 105°C (method 925.09). The fat content of the samples was 
determined from a hexane extraction using the Soxtec system of (method 920.39). The carbohydrate 
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content of the samples was determined as the percentage of mass remaining. The crude fibre content was 
determined by the Massey University Nutrition Laboratory. 
2.4 Texture Analysis 
The resistance of the extruded snacks to crushing was estimated using a TA XT2 texture analyzer 
(Stable Micro Systems, Godalming, England) fitted with an Ottawa cell.  The cell was filled with 300 ml 
of the material to be tested and the sample compressed to 50% of the original volume.  The peak force 
and the number of peaks were recorded. The peak force was used as a measure of the hardness of the 
product while the number of air cells was correlated with the crunchiness of the product. Two commercial 
corn based products, of similar dimensions to the tick bean based snacks, were subjected to texture 
analysis.
2.5 Sensory Assessment 
A focus group of 10 university student participants who commonly consumed extruded snack products 
was used to compare the organoleptic properties of the snacks made in this program with similar 
commercially available products.  The results from the focus group were combined with data from texture 
analysis to screen snack products for subsequent assessment by a taste panel. Products that had clearly 
undesirable organoleptic properties were eliminated from the program.  Five tick bean products were 
selected from the initial screening for further evaluation by a taste panel.  The taste panels assessed the 
appearance of the products, hardness, crunchiness, grittiness, overall texture, aftertaste, overall taste and 
the overall acceptance of the products. The panellists also ranked the snacks from most preferred to least 
preferred. 
The final sensory analysis conducted was to compare the most preferred tick bean snacks with four 
snack products that were purchased from supermarkets in New Zealand, two of which was extruded while 
the other two were identified as popular products that competed in the same product space. The attributes 
assessed in this analysis were the same as those used in the initial product selection. However, as the 
commercially available products were flavoured, I decided to purchase products with a similar flavour 
base and to flavour the tick bean snacks with a similar flavour combination. This was achieved by coating 
the product with a flavour supplied by Bluebird New Zealand in accordance with the addition rate that 
they use commercially. 
2.6 Statistical analysis 
The data collected from the sensory analysis was analysed using Minitab 15 statistical software 
(Minitab Ltd, Coventry, UK). A Tukey analysis was used to firstly determine significant differences 
between the faba bean products to help determine the top performing product. The analysis was also 
carried out on the sensory results collected from the comparison of commercial products with the top 
performing faba bean product. 
 
3. Results & Discussion 
3.1 Compositional Analysis 
The proximate composition of the snacks was calculated for both varieties of tick bean and for the 
presence and absence of hulls in the product.  
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Table 2: Proximate composition of Tick bean snacks after drying 
  Dehulled Dehulled Hull on Hull on 
Components Melodie Disco Disco Melodie 
Moisture 4.29 4.66 5.53 3.87 
Ash 3.32 3.20 3.54 3.54 
Protein 29.75 29.78 28.24 26.74 
Fat 2.07 2.02 1.86 1.78 
Carbohydrates 60.58 60.34 60.82 64.08 
   - Fibre 1.9 1.7 9.4 8.2 
 
Snack products made from the Melodie variety (+hulls) had a slightly higher protein content compared 
with those made with Disco variety but a lower carbohydrate and higher fibre content. The removal of the 
hulls from the beans markedly reduced the fibre content of the snacks. 
 
3.2 Texture Analysis 
Both the hardness and the crispiness of an extruded snack product are related to the expansion and the 
size and number of gas bubbles developed within the ridgid starchy matrix that comprises extrusion 
expanded snacks [7]. The Tick bean snacks ranged from much harder to about the same hardness as 
commercial extruded corn products. The snacks made using a screw speed of 200 rpm were much harder 
than those made using a screw speed of 300 rpm and snacks produced from the dehulled Disco variety 
were harder that those made from the Melodie variety (Figure 1). Although the majority of the tick bean 
snacks were harder than the two commercial products, those labelled D to L, produced at 300 rpm from 
both varieties of bean were identified as having hardness values that were observed to be similar to those 
of the two commercial products as can be seen in Figure 1 below. 
 
 
Fig. 1. Hardness of the Tick bean extrusions in comparison with two commercial products. Tick bean samples labelled A to O in 
accordance to Table 1 above. Orange line Rashuns (Bluebird NZ) and red line Twisties (Bluebird New Zealand) 
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Fig. 2. Crunchiness assessment of Tick bean snacks with 2 commercial samples  Tick bean samples labelled A to O in accordance 
with Table 1 above. Black line- Twisties (Bluebird NZ) and Purple line - Rashuns (Bluebird NZ) 
 
Crunchiness of a product can be identified by the number of peaks recorded. This is related to the 
breaking of the cell walls within the product. The crunchiness of the different tick bean products as well 
as two commercial corn based products as determined by the Ottawa cell compression test are shown in 
Figure 2 below. 
The least crunchy products were those identified as the hardest in Figure 1 and were snacks made from 
dehulled disco beans and all products made using a screw speed of 200 rpm. The tick bean products 
produced at 300 rpm from the dehulled Melodie variety and those produced with hulls from both varieties 
were found to have a similar level of crunchiness as the two commercial products analysed. The majority 
of these products were also found to be slightly harder than the commercial products. Snacks that 
included the hull component and snacks made from the dehulled Melodie flour and extruded at 300 rpm 
were found to have hardness and crunchiness values similar to the two commercial products. 
The particle size was found to have a limited effect on the crunchiness of the product, as determined 
by textural analysis. However, the particle size of the flour was seen to have an effect on the hardness 
gauged by the Ottawa cell test. A trend that was exhibited in the product produced from the Mellodie 
variety bean as well as those produced from the disco variety of bean with the hull still present. This trend 
was that as particle size increased so did the hardness of the products. However, the opposite of this trend 
was observed in the product produced from dehulled Disco beans at 300 rpm. 
3.3 Sensory Analysis 
The focus group determined how each of the products compared with each other in terms of a number 
of different textural attributes, grittiness, hardness and crispness. The attributes assessed were the 
hardness, grittiness and overall textural acceptance, with the participants asked to rank the products in 
order of preference. The snacks made with dehulled flour all had a less desirable texture than snacks 
made with flour containing the hulls although hardness testing showed that those snacks were harder than 
snacks made without hulls. Snacks with the most preferred texture were made from the whole beans and 
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ground to 500 ȝm. The products that were found to have similar hardness and crispiness to the 
commercial products in texture analysis, those produced at 300 rpm from the Disco and Mellodie 
varieties with their hulls still intact, were the products that were grouped as having the most desirable 
hardness and crispiness in sensory analysis. However, differences were identified between the products 
produced from the different particle sizes by the sensory panellists with the products with particle sizes of 
1-2 mm and 2.5mm found to be significantly grittier than those produced from 0.5 mm flour. The 
Melodie variety of tick beans including hulls and milled through a 500μm screen and extruded at a screw 
speed of 300rpmhad the most desirable organoleptic properties.  
There were no statistically significant differences between the most preferred tick bean product and the 
majority of the commercial products. One of the commercial products out preformed the other products in 
the sensory analysis in the attributes of hardness, overall acceptance and rank. However, no significant 
differences occurred between the remaining commercial products and the tick bean product. 
All of the products used in the sensory trial apart from the tick beans product are available on the 
market to consumers and have been for a significant period of time. Therefore it can be concluded that all 
of these products are acceptable to consumers. The Tick bean product compared favourably with these 
other chip products in terms of the sensory properties assessed. Based on this it can be concluded that the 
extruded tick bean snack product could compete with existing chip products on the market. 
4. Conclusion 
An extruded snack was produced from the bean Vicia faba var minor. The product was optimised by 
varying the variety of bean, screw speed, presence of hulls in the flour and the particle size of the flour. 
The top performing faba bean product was produced was produced from a flour made from whole 
Melodie beans with a particle size of 0.5 mm and at a screw speed of 300 rpm. No statistically significant 
differences were identified between the top performing faba bean product and the majority of the 
commercial products that it was compared to in regards to texture. This extruded faba bean snack was 
also found to be more nutritionally balanced than all of the corn based products that it was compared to, 
with it having at least three times the protein content and high levels of fibre. 
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